Abstract: Pesticides have been used in the continent for about eight decades. Major use has been in agriculture, livestock development, and disease vectors control. Recent international conventions have been made with little scientific data and information on the tropical situation. Rapid development of resistance to pesticides demands better scientific understanding of pest management. Tropical research data on organochlorine pesticides show rapid degradation pattern, low residue levels, and widespread distribution. Given the above, there is a need to factor into consideration tropical climatological calamities in any future pesticide policy. Continued use of pesticides is anticipated in the tropics.
INTRODUCTION
The exact date of the introduction of synthetic pesticides into Africa is not known with exactitude. They were brought into the continent by colonial powers at around the turn of the first or second decade of the last century. From historical records, the earliest British government legislation, the Public Health Act, to protect human beings and regulate the use of pesticides by farmers in Kenya was enacted in 1921. Therefore, the toxic effects of pesticides were observed very early, soon after their application in the environment. It must be concluded that the early observed adverse effects of pesticides on humans necessitated the regulation of their use and handling. A succession of legislations was passed by the British government and transferred to the colonies as shown by Table 1 . The Kenyan dates may not coincide with the dates in other British colonies in Africa, but it may be assumed that pesticides were introduced at around the same time. Assuming that other colonial governments followed the same pattern of pesticide regulation as the British, then it may be concluded that synthetic pesticides have been used in the continent for about 80 years. Three major areas of pesticide use in Africa have been and still remain agriculture, livestock development, and human health.
The large-scale manufacture and distribution of organochlorine pesticides did not take place until after the accidental discovery of p,p'-(dichlorodiphenyl)-1,1,1-trichloroethane (DDT) as an insecticide by Muller in 1946 [1] . Although DDT was first synthesized by Zeidler in 1874 [2] , its global use as a pesticide would not have been possible without Muller's observation. In Kenya, lindane was the first organochlorine pesticide introduced in 1949 for the control of ticks. This was followed by the import of toxaphene in 1950, DDT in 1956, and dieldrin in 1961 [3] . It should be recalled that these chemicals were imported for the sole use of white farmers on livestock. The natives came into contact with them only as farm laborers. The spraying of cattle to kill ticks was the major concern and not the protection of the farm laborers.
These organochlorine pesticides would still be in use if it were not for the rapid evolution of ticks to develop resistance to them. Farmers changed to other pesticides, such as dinitrocresol (DNC), and organophosphorous compounds dioxathion, coumophos, and schradon [4] as soon as tick resistance to organochlorines was observed. Thereafter, importation of organophosphorus pesticides ensued. Development of pest resistance to specific pesticides has necessitated frequent change and introduction of new types such as carbofurans, carbamates, or a new generation of organophosphorus pesticides, chlorfenviphos.
East Africa has had high incidence of tick loads (population) and frequent episodes of East Coast fever or theileriasis [an acute cattle disease transmitted by brown ear ticks Rhipicephalus appendiculatus and caused by Theileria parva (Theiler, 1904) ] and anaplasmosis (a peracute to chronic infectious disease of ruminants frequently caused by blood-feeding insects such as ticks). Other tick-borne diseases are cowdriosis and babesiosis. A mortal and similarly related form, corridor disease [T. Parva (Tawrencei)] infection is a buffalo-derived parasite spread by the same tick. The control of these diseases today has relied mainly on acaricides such as chlorfenvinphos [5] .
Other pandemic diseases in Africa include malaria, spread by anopheles mosquitoes, river blindness, filariasis (caused by sand flies), and yellow fever, (spread by mosquitoes). These and other vector-borne disease have seen recent increases in incidence and frequency due to global climate change. Malaria alone kills 1 million people per year. The management and control of vectors have relied and still require the use of pesticides, including some of the restricted or banned ones.
Recent international action to protect health and the environment through measures that reduce and/or eliminate emissions and discharges of persistent pollutants (UNEP Governing Council Decision 20/24) have focused attention on the policy-making process. Generally, it is accepted that policy evolution should be based on informed scientific information and technical knowledge. In addition, a policy should enhance a society's social, cultural, political, and economic cohesion and well-being. Therefore, has the international policy on persistent organic pollutants (POPs) used the local and regional scientific information in arriving at the desirability of a convention? This paper examines the available scientific knowledge on POPs in the tropics to find an answer to the question. Experience with international conventions show that few developing countries naturalize them into their laws. However, many do sign the conventions because it is politically prudent to do so. Some of the reasons for lack of full endorsement are:
• low farmers/users education and, therefore, lack of understanding of the regulation • high economic cost of recommended alternative pesticides as compared to nonrecommended ones. There is also the hard sale push by traders to sell any pesticides for profit gains.
• injury to humans caused by exposure to some pesticides such as organophosphorus • outbreak of natural pest calamities such as desert locust, malaria, and yellow fever. • easy availability-there are tens of thousands of tonnes of expired pesticides in the tropics with no proper disposal protocol. Some of these are available in neighborhood stores. • improper advice given by friends, extension workers, and other agricultural officials to farmers when there is pest outbreak
PESTICIDES USE AND DISTRIBUTION

Past and current usage patterns
The import of pesticides into Kenya between 1986 and 1995 is given in Table 2 . Analysis of the import quantities by Foxall [7] in 1983 found that 50% was fungicides, 20% insecticides, 20% herbicides, and 10% arcaricides, rodenticides, molluscides, and nematicides. It is assumed that this import combination ratio has remained the same in the quantities presented in the table. The bulk of the imported pesticides were consumed locally, with only 3% being exported to neighboring countries. The decline in imported gross weight of pesticides showed a decline between 1988 and 1991. The reason for this may have been poor economic position of the farmers that reduced demand coupled with the ban/restriction on the use of organochlorine pesticides. The level of pesticides import has not recovered to the 1986/97 levels due to persistent poor economic situation in the country. Before the ban, as much as 70 tonnes of DDT was used annually for agricultural pest control on maize and cotton. Lindane, aldrin, and deildrin were used for seed dressing. However, DDT was banned in Kenya in 1985, the year of the last import; aldrin and dieldrin were banned in 1992. Despite the official ban of these pesticides, they are still available in the market and in the environment. Organochlorine pesticides still officially in use in Kenya are endosulfan, alpha and gamma-BHC, and alachlor.
Pesticides have been widely used for the control of ticks, mosquitoes, houseflies, post-harvest storage insects, tse-tse flies, and as crop pest control and weed control. Frequent application of pesticides has led to the development of resistance, for instance, in Anopheles gambie Giles, to DDT and fenitrothion. No such resistance was observed for pesticides not used for pest control, such as dieldrin and malathion [8] . The development of resistance to insecticides has been a contributor to the resurgence of malaria in many regions. However, since resistance is only developed when direct exposure to insecticides is applied over a period of time, replacement of a pesticide or stoppage of application stops development of resistance. This has been observed in ticks when resistance to DDT and dieldrin were eliminated by use of organophosphorus compounds dioxathion and coumaphos in combination with HCH, toxaphene, or by use of new pesticides such as carbaryl, quintiofos, chlorfenvinphos, and formamidines.
Pesticides in a tropical environment
Extensive studies of organochlorine pesticides such as DDT have shown that they persist in the environment for a long time. Edward [9] has summarized the persistence of DDT in temperate soils and water as given in Table 3 .
It is the persistence of DDT and its breakdown products that leads to its bioaccumulation and bioconcentration in the food chain. The fact that DDT can be stored in fatty tissues and its release and interaction with critical organs has lead to the depletion of some species. At the time DDT was banned, there were no studies in the tropics that showed that DDT elicited the same effects in tropical species. The tropics are characterized by high sunshine radiation throughout the year, a high load of microorganisms, tropical rains, and varied soil types, ecology, and climatological conditions. As a result of these conditions, research has now shown that persistent organochlorine pesticides behave differently in the tropics as opposed to the temperate climates. The research data presented here below are derived mainly from research done in our laboratories and other researchers' work in the tropics. Table 4 presents the half-lives of DDT, DDE, and lindane in a tropical climate [10] . The majority of data give half-life of three to seven months, except for the Arusha and Philippines soils. Arusha is at the foot of Mount Kilimanjaro and is relatively cold. The shorter half-life of these compounds has been attributed to differences in ecological, climatological, and microorganism populations in tropical vs. temperate zones.
Differences in species occupying different climatological zones have been exhibited by their responses and sensitivity to exposure of different pesticides. Table 5 gives the LD 50 for various fresh lake and ocean fish species. The marked difference in LD 50 of white shrimp (Panaeous Seliferus) and Gobious nebulosis fish highlights the species differences.
Tables 6 (a-d) and 7 present a summary of the data reported [10] by several authors on the residue levels in tropical soils, birds, fish, and water. It was concluded that bioaccumulation does occur at very low levels compared to that in temperate species.
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DIFFERENT NEEDS, DIFFERENT PRIORITIES
In the tropics, basic needs for survival prevail in all aspects of life. Due to vagaries of weather, people find that their crop harvest may be totally destroyed by either drought or outbreak of pests. First priority is therefore placed on realizing a good harvest. Conservation of environment is often coincidental. Some tropical diseases like malaria and yellow fever have devastating effects on human health. Lately, due to global warming, malaria has spread from lowland areas to highland areas. Three thousand children die per day in Africa due to malaria or lack of public health facilities for a cure. The rapid evolution of resistant mosquitoes to drugs and pesticides further complicate the policy of banning pesticides.
Poisoning by various chemical substances in 19 Kenya hospitals between 1991 and 1993 have been analyzed [11] . From the analysis it was shown that a far greater number of people (27.2%) were poisoned by the recommended substitutes for organochlorines, the organophosphates. Some of those poisoned who died committed suicide. However, the majority died from handling of the pesticide by an unsophisticated user. A further analysis of the 1888 poisoned cases showed that children between the ages 0 and 14 (40.09%) were affected more than teenagers (19.07%) and adults (33.63%). However, the combined workforce, teenagers plus adults, had the highest deaths (52.7%). Given the standard of education and level of public sophistication of users in the developed world, it is highly unlikely that the effect of toxic substance in the tropics can be repeated in the West.
The distribution of organochlorine pesticides along the Indian Ocean coast of Kenya is given in Figs. 1-3 [12] . The lowest concentration of pesticides was found in water followed by sediment and fish. The concentration levels found were much lower than levels in many parts of the developed world. The near-shore fish sampled were impacted most by human activities inland. Secondly, it was observed that there was fresh use of aldrin in the environment. There were no observed high levels of DDE and DDD in the samples. The observation of most organochlorine pesticides indicates the ubiquitous nature of the pesticides in the tropics.
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EXISTING AND FUTURE OPTIONS
At present, POPs are banned in most countries. Trade in these substances is also restricted. However, some stock of these compounds is still available in the market. Some developing countries allow some use of these compounds for public health purposes, while their use in developed countries for any purpose is banned. Scientists face the toughest challenge in developing new environmentally friendly pesticides that overcome the rapid development of resistance by insects. Evidence available indicates that humans will never win this battle. Rotation of pesticides used and integrated pest management practices have been recommended as possible solutions to this problem. Policy choice on the pesticide to be used requires data at the local and regional levels, which, in the case of developing countries, are missing.
The level of education in developing countries is low. Proper use of pesticides in these regions will only be met when the standard of education is improved. The challenge for the future is to generate resources for education and research.
Disposal of pesticides requires heavy investment that is beyond the financial resources available to most developing countries. The challenge here is first to develop human capacity in waste management and research in order to install facilities for POP disposal in the south. It is possible that African countries could seek research support that could provide the scientific information needed. Therefore, it may be concluded that present international conventions have been passed without Africa's scientific contribution to the debate. Their full implementation may not be to the benefit of Africans.
